This study contributes to the discussion on possible effects of El Niño on North Atlantic/European regional climates. We use NCEP/NCAR reanalysis data to show how the two different types of El Niños (the central Pacific, or CP, and the east Pacific, or EP) result in remarkably different European winter temperature anomalies, specifically weak warming during EP and significant cooling during CP El Niños, the latter being associated with a negative phase of the winter North Atlantic Oscillation (NAO). Our results diverge from former suggestions addressing the weakened stratospheric polar vortex as the dominant factor contributing to the El Niño/NAO teleconnection. We propose a tropospheric bridge as the mechanism primarily responsible for the establishment of a negative NAO phase and of associated cold European winters. This mechanism includes the subtropical jet (STJ) waveguide being activated only during CP El Niños, when anomalous convective heating occurs near the edge of the Pacific warm pool. Under these conditions the STJ is enhanced by planetary wave flux divergence in the subtropical upper troposphere, providing favorable conditions for the propagation of a wave number 5 disturbance around the subtropical Northern Hemisphere. This wave contributes to weakening of the Azores High and, hence, to the negative NAO phase. As global warming scenarios project an increase in the frequency of CP El Niño events, the distinctive nature of this mechanism implies that the probability of cold European winters may increase as well in future decades.
Introduction
[2] El Niño is known as the strongest quasi-oscillatory mode of variability in the coupled ocean-atmosphere system and has attracted immense attention, especially since the very strong event in [1982] [1983] and its apparent worldwide effects on weather and climate. While early analysis [Ropelewski and Halpert, 1987; Halpert and Ropelewski, 1992] showed anomalies spreading nearly globally, Europe seemed to be unaffected by El Niños. This was challenged in several more recent publications (for a comprehensive review, see Brönnimann [2007] ). Merkel and Latif [2002] discussed model results showing that during an El Niño event weather anomalies are prominent over Europe that are typically consistent with a negative phase of the North Atlantic Oscillation (NAO). This corresponds to the finding of a number of researchers [e.g., Brönnimann, 2007, and references therein; Ineson and Scaife, 2009 ] that during El Niño events the winter stratospheric polar vortex is weaker than normal, a situation that is indeed also favorable for the establishment of a negative NAO phase [e.g., Perlwitz and Graf, 1995] . So, it seems that the effects of El Niño on stratospheric circulation in boreal winter, caused by enhanced planetary wave generation in the tropics and subsequent vertical propagation into higher atmospheric layers, is responsible for the teleconnection between the tropical Pacific and the midlatitude North Atlantic.
[3] The numerical description of the "stratospheric bridge" teleconnection outlined above requires models with a well resolved stratosphere and a realistic representation of El Niño structure and variability. Comparing the performances of a climate model with and without a highly resolved stratosphere, Cagnazzo and Manzini [2009] found that both model configurations captured the observed weaker polar stratospheric vortex, high surface pressure over the Arctic, and low surface pressure over western and central Europe and the North Pacific. However, the model with low stratospheric resolution underestimated the amplitudes of these anomalies. Based on simulations with an intermediate climate model with high stratospheric resolution, Bell et al. [2009] suggested that indeed El Niño results in a weaker stratospheric polar vortex, but that there is an upper limit of El Niño intensity above which the stratospheric effects are less important and tropospheric mechanisms dominate. This is somewhat counterintuitive if only the stratospheric bridge were at work, since one would expect that a stronger El Niño, i.e., higher positive sea surface temperature anomalies (SSTAs), would lead to stronger tropical tropospheric heating and thus to more planetary wave activity disturbing the stratospheric circulation and, hence, affecting the NAO.
[4] Very recently, there have been numerous reports on a "new" type of El Niño, which is characterized by predominantly positive SSTAs in the tropical central Pacific rather than in the East Pacific. Different names were given to this phenomenon: "central Pacific El Niño" [Kao and Yu, 2009; Yeh et al., 2009] , "Warm Pool El Niño" , "Dateline El Niño" [Larkin and Harrison, 2005] , and "El Niño Modoki" Weng et al., 2007] as well as, based on a more process-oriented study of El Niños in coupled ocean-atmosphere circulation models, S(urface)-and T(hermocline)-modes [Guilyardi, 2006] . Central Pacific (CP) and East Pacific (EP) events were described already by Graf [1986] (available at http://www.geog.cam.ac.uk/people/graf/ graf11.pdf) as events driven solely by local surface wind anomalies not including the thermocline and events following the delayed oscillator theory including deepening of the thermocline by propagating Kelvin waves, respectively.
[5] Di Lorenzo et al. [2010] report that the North Pacific Gyre Oscillation (NPGO), which is defined as the second mode of SSTAs variability in the Pacific basin, very closely matches the CP El Niño SSTA pattern. They conclude that the frequency of CP El Niños drives the decadal variability of NPGO via the strength of the North Pacific Subtropical High. This is consistent with indications from Brönnimann et al. [2007] and Zanchettin et al. [2008] , who noted that El Niño impacts most significantly on European wintertime rainfalls during positive (i.e., warm) phases of the Pacific Decadal Oscillation (PDO), which describes the leading mode of SSTA variability in the extratropical North Pacific. Also, indications exist from cluster analysis of observational data [Gouirand and Moron, 2003; Brönnimann et al., 2007] that besides an El Niño signal that yields a cooling over northern Europe and a negative NAO phase, another, opposite pattern can develop. Hence, there are hints in scientific literature pointing toward different sensitivities of the climate system for different distributions of tropical SSTAs.
[6] With this study we shall outline the effects the two different types of El Niño have on weather and climate over Europe and worldwide. We will show that the "stratospheric bridge" is not the only mechanism connecting SSTAs in the tropical Pacific with the NAO. We provide evidence for a tropospheric mechanism that links the equatorial Pacific SSTAs with the atmospheric circulation over Europe and the North Atlantic quite efficiently in the case of CP El Niños, and much less efficiently in the case of EP El Niños. These two mechanisms lead to winter climate anomalies over central Europe that are opposite in sign for the two El Niño types, so that if all El Niños are considered regardless of their type, statistically less significant effects emerge.
Data and Methods
[7] This study is based on NCEP/NCAR reanalysis data [Kalnay et al., 1996] covering the period 1948-2001 to 2010-2011 that were provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA. CP and EP El Niños are defined based on differences in their temporal development, underlying physical mechanisms, and overall patterns of SSTAs. We do not consider La Niña events since we concentrate on different atmospheric responses to the two types of El Niño. We focus our analysis on the Northern Hemisphere, thus avoiding problems with the reliability of this data set on the Southern Hemisphere [Trenberth and Guillemot, 1998 ]. For SSTs we also use the Kaplan SST data set [Kaplan et al., 1998 ]. Specifically, we first define CP and EP El Niños based on the combined regression-EOF (empirical orthogonal function) analysis as proposed by Kao and Yu [2009] . They derived typical patterns and respective principal component time series for EP El Niño types by first subtracting the SSTAs regressed on the Niño4 index from the total SSTA field, and then performed an EOF analysis. Similarly, for CP El Niño types they first subtracted the SSTA regressed on the Niño 1.2 index. Following this analysis EP El Niños start in 1951 , 1957 , 1965 , 1972 , 1976 , 1982 , 1997 , and 2008 CP El Niños start in 1963 , 1968 , 1977 , 1986 , over extended periods 1991 -1995 (stronger events in 1991 and 1994 ), 2002 -2005 Niños 1951 , 1957 , 1965 , 1972 , 1076 , 1997 , and 2008 and CP El Niños 1968 , 1977 , 1986 , 1994 , 2002 . We excluded from our analysis the El Niño years that coincided with the strong volcanic eruptions of Agung (1963 ), El Chichon (1982 , and Pinatubo (1991), since these added additional forcing, which cannot easily be subtracted from the observations. Both El Niño types reach their mature phase during northern winter. Until the 1970s the sequence of EP El Niño started regularly after a period of cool CP SSTAs followed by warming there during decay of the EP El Niño. This behavior changed for the two big (mixed) EP El Niños in 1982 -1983 and 1997 , which both followed extended periods of warm central Pacific and terminated by its cooling.
[8] According to our selection, CP El Niños are, hence, by no means "new," but happen to occur more often recently. Actually, an analysis of the Kaplan SST data set [Kaplan et al., 1998] shows that CP El Niños were rare but not absent in the first half of the 20th century. They are diagnosed for the events of 1914-1915, 1930-1931, and 1940-1941-1942 . This apparent clustering of CP and EP El Niños suggests that the occurrence of different El Niño types could be related to multidecadal phases of the PDO in a similar way to that previously demonstrated for the magnitude and the frequency of ENSO (El Niño-Southern Oscillation) events [Kiem et al., 2003; Kiem and Franks, 2004] . Because of global warming signals and PDO regime shifts potentially biasing our results due to the increased frequency of CP El Niños in the most recent decades, we used linearly detrended data throughout the analysis. We acknowledge that by our approach, potentially relevant features may be partly smoothed out, particularly those related to ENSO-PDO interactions. However, we also looked at nondetrended results and did not detect relevant differences that would change our conclusions.
[9] We acknowledge also that the number of events that can be studied is quite limited, but currently there is no way of extending the data set. In order to account for such small samples, we use a detection and attribution approach [e.g., Zanchettin et al., 2012] and concentrate our discussion on features passing the attribution test. A nonparametric estimate of the likelihood for the attribution of the obtained anomalies to the selected El Niños is determined by analyzing the results yielded by a large number (here 500) of random sequences of winter atmospheric states over the investigated period. The anomaly distribution yielded by the random sequences is used as a basis to evaluate the confidence level for the attribution of a signal to a chance occurrence. More specifically, signals are considered to be statistically significant if they exceed the 5th-95th percentiles evaluated for the random anomaly distribution. The results obtained by following this approach are very similar to those obtained by using the Mann-Whitney U test [Steel and Torrie, 1960] . In addition to these tests we also performed "field significance tests" by using a Monte Carlo approach similar to that employed by Eshel et al. [2000] . Here, local significances assessed by the Mann-Whitney U test for a set of 500 random sequences of winter atmospheric states is used to determine the likelihood for locally significant signals covering a given areal fraction of the domain.
[10] Figure 1 shows three typical tropical Pacific SSTA patterns as they evolve for three different types of El Niño. In the tropics, deep convection and associated rainfall is observed over SSTs exceeding approximately 26°-28°C [Zhang, 1993] . During CP El Niños, positive SSTAs are added to the climatologically warm SSTs of the central and western equatorial Pacific and have therefore a comparatively bigger effect on convective activity and rainfall than the SSTAs during EP El Niños, which are added to the cooler temperatures along the equatorial Pacific cold tongue.
[11] In the following, the winter (DJFM) anomalies of a selection of diagnostic climate variables during the two different El Niño types, i.e., only CP El Niños and only EP El Niños, as well as during all El Niños are investigated. Since the "all El Niños" analysis essentially represents a weighted result of CP and EP effects, we refrain from showing the associated results. Nonetheless, we discuss them when deemed necessary and particularly in terms of statistical significance of the signal. Anomalies during El Niños are defined as departures from the state of an undisturbed climate, here associated to those winters (including La Niña winters) when there was no El Niño of any type and no volcanic disturbance.
[12] Eliassen-Palm flux diagnostics are evaluated based on monthly averaged NCAR reanalysis data following the transformed Eulerian-mean set of equations by Andrews et al. [1987, p. 128] .
Results
[13] Figure 2 shows the mean winter near surface air temperature (SAT) anomalies found for the mature phases of EP and CP El Niños. In the tropical Pacific, SAT anomalies reflect the SSTA pattern typically associated to the two El Niño types. Significantly positive SAT anomalies are found stretching out into the climatological Pacific cold tongue region for EP El Niños, reaching from the South American coast to about 170°W. Significantly positive SAT anomalies are instead concentrated in the central Pacific region for the CP El Niños, showing a maximum around 160°W and crossing the date line to the west. Also, for CP El Niños there are no positive SAT anomalies south of 10°S in the eastern Pacific.
[14] Outside the tropics great SAT differences are found in mid and high latitudes over Eurasia mainly for CP El Niños. During EP El Niños, central and eastern Europe show positive SAT anomalies and a larger area of locally significantly colder temperatures is found in Mongolia, northern China, and East Siberia. However, a field significance test for midlatitude (30°N to 60°N) SAT anomalies indicates that the null hypothesis of no EP El Niños signals on the field can only be rejected with confidence below the 50% level (not shown). The midlatitude field response to EP El Niños is thus very likely originated by chance. In contrast, for CP El Niños a field significance test for midlatitudes indicates that the null hypothesis can be rejected with confidence very close to the 95% level (not shown); hence the associated results are quite unlikely originated by chance. During CP El Niños, central and eastern Europe is up to 2 K colder than normal and these anomalies are statistically locally significant as are the cold anomalies over western Russia. For western Russia, only the stretch from Spitsbergen to Northwest Siberia is significant, according to the MWU test (not shown). East Siberia is much less affected during CP El Niños than during EP El Niños. A closer inspection of individual El Niño winters reveals that the cooling of Europe/Siberia occurred in all CP El Niño years except 1994-1995, when Europe experienced a mild winter (not shown).
[15] During EP El Niño winters, positive SAT anomalies emerge as well over North America, though they are locally significant only over Newfoundland, and the field significance test for midlatitude temperature anomalies reveals that these are probably by chance. During CP El Niño winters, much warmer anomalies are found over northeastern North America. They extend well into the Canadian Arctic. Both El Niño types are generally associated with cooling of the southern United States, but the strongest anomalies are found in the southeast (southwest and only locally significant) during CP (EP) El Niño, with stronger cooling during CP El Niños. Also, during CP El Niño winters, stronger and significantly warmer SAT anomalies than during EP El Niños extend farther east and also south of 30°S over the Indian Ocean. Southeast Asia is significantly warmer during boreal winter under EP El Niño conditions. Australian temperatures are significantly affected only by EP El Niños, specifically with warm anomalies over the eastern coast.
[16] All El Niño winters except the winter 1994-1995 (not shown) are characterized by a weak stratospheric polar vortex, very consistent with previous studies [e.g., Brönnimann, 2007; Ineson and Scaife, 2009] . As shown in Figure 3 (left), both EP and CP El Niños are associated with a weaker than normal stratospheric polar vortex at the 50 hPa level. The peculiar conditions during winter 1994-1995 reduce the area of statistically significant weakening of the stratospheric polar vortex in the CP El Niño ensemble. The average weakening of the vortex is much stronger and statistically significant over the whole polar cap during EP El Niños. In the midlatitudes we find statistically significant negative geopotential height anomalies over the North Pacific and the North Atlantic, including central and west Europe during CP El Niño winters. As shown by 1000 hPa geopotential height anomalies (Figure 3, right) , the effect of El Niño on the lower-tropospheric circulation over the North Atlantic is only significant for CP El Niños, when a negative NAO-like pattern emerges, which is dominated by a negative anomaly of the Azores height. Both El Niño type winters are characterized by positive pressure anomalies in the western hemisphere Arctic. None of the El Niño composites provides a clear indication for a weakening of the Icelandic Low. For CP El Niños also a very strong and significant negative nearsurface pressure anomaly is found over the North Pacific between 30°N and 60°N, while pressure anomalies found there in EP El Niño winters are only marginal.
[17] These results obtained by investigating the two different types of El Niño individually challenge former suggestions that the "stratospheric bridge" is, via vertical propagation/ reflection of midlatitude and high-latitude planetary waves as they interact with the lower stratosphere westerlies, the dominant mechanism for the El Niño/NAO teleconnection. The very weak polar stratospheric vortex during EP El Niños does not reflect upon the tropospheric circulation, while the less disturbed vortex during CP El Niños clearly coincides with a negative NAO-like pattern. Thus, our current results suggest that there must be another, tropospheric mechanism at work. We suggest a "subtropical bridge" based on the waveguide provided by the subtropical jet (STJ).
[18] Poleward propagating Rossby waves generated by anomalous atmospheric heating in equatorial latitudes may be trapped by the STJ and propagate eastward within the subtropical waveguide [e.g., Ambrizzi and Hoskins, 1997; Branstator, 2002] b* > 0. In case of a strong zonal wind shear (as is the case for jet streams), b* dominates over the zonal wind effect. K s plays the role of a refractive index for Rossby wave propagation. In strong westerly jets, K s has a local maximum in the core of the jet. The region with maximum K s acts as a zonally oriented waveguide.
[19] The effects of the STJ on planetary wave propagation and the resulting atmospheric anomalies depend on three elements: (1) the existence of the jet and its strength, position and extension since only a strong zonal jet can act as a zonal waveguide, (2) the relative geographical position of the meridional path of the Rossby waves to the STJ, which is determined by the longitude of the origin of the Rossby waves, since waves can only be trapped when their path crosses the STJ, and (3) the strength of Rossby waves generated at the equator by enhanced precipitation and related latent heat release since this determines the amplitude of the atmospheric disturbance.
[20] For Rossby waves associated with El Niños, obviously the East Asian STJ is relevant. It is strongest in winter (December to February/March) and, on average, extends with its core to just east of the date line (Figure 4, top) . There are very clear differences between the mean anomaly patterns of 300 hPa zonal mean wind between EP (Figure 4 , middle) and CP (Figure 4 , bottom) El Niño winters. We find for all CP El Niños, except for 1994-1995 (not shown), an extension of positive zonal wind anomalies at the 300 hPa level in the subtropics from East Asia toward the subtropical Atlantic along the $30°N latitude band. This is not the case for EP El Niños, when the westerly winds in the Northern Hemisphere subtropical upper troposphere are much weaker at the eastern tip of the East Asian STJ over the central Pacific. [21] Eliassen-Palm (E-P) flux analysis ( Figure 5 ) clearly indicates the differences between the two El Niño types in winter in the zonal mean zonal wind-forcing due to planetary waves. For CP El Niños the divergence of the meridional component of the E-P flux leads to a strengthening of the zonal wind in the upper troposphere near 30°N; i.e., the STJ is strongly reinforced, while upper tropospheric jets at higher northern latitudes are weakened. The patterns for EP El Niños are similar, but the effects are much weaker and are barely significant. Hence, during CP El Niños the STJ is elongated and strengthened, providing a potential zonal waveguide for Rossby waves originating in the equatorial Pacific.
[22] The possible key to the "subtropical bridge" is found in the zonal position and strength of precipitation anomalies associated with the two El Niño types (Figure 6 ). While for EP El Niños large positive precipitation anomalies in the equatorial Pacific are located east of the date line, they are stronger and more concentrated to the central Pacific, straddling the date line for CP El Niños. During EP El Niños the STJ may not reach far enough into the East Pacific to trap meridionally propagating planetary waves generated by the East Pacific equatorial precipitation anomalies. During CP El Niños, however, the core of the slightly northward shifted East Asian STJ is stronger and extended over the central Pacific. This possibly enhances the chance of planetary waves generated by positive precipitation anomalies around the date line to become trapped during their meridional poleward propagation. Part of the perturbation response will then propagate zonally eastward along the STJ waveguide and cause perturbations over the Atlantic and Europe.
[23] The different atmospheric effects during EP and CP El Niños are clearly apparent in the winter anomalies of the horizontal stream function at the 0.258 sigma level (i.e., the upper troposphere at roughly 250 hPa). In the case of CP El Niños (Figure 7, right) , the pronounced chain of cores of significant negative stream function anomalies spreading around the Northern Hemisphere resembles a zonally damped wave number 4-5 pattern that essentially follows the shape of the circum-global STJ. The subtropical centers of the negative anomalies are found over the eastern North Pacific, the subtropical western North Atlantic, central Europe, northern India, and the final and weakest off Japan. Interestingly, there seems to be a bifurcation of the wave train eastward of Europe into one branch extending toward northern India and another toward west Siberia. We find also centers of enhanced variability in the climatology of upper tropospheric stream function resembling the positions of these waves (not shown). The bifurcation of eddies for storm-track variability as discussed by Orlanski [2003] or persistent snow cover anomalies establishing in autumn over Siberia [Cohen et al., 2007] might serve as explanations of this feature, and will be investigated in a later study. [24] The strength of the stream function anomalies is strongest over the North Pacific suggesting that the wave train described above originates in the central North Pacific and then propagates eastward. In particular, the Atlantic centers weaken the Azores high and contribute significantly to the negative phase of the NAO. Such clear subtropical wave train is missing during the EP El Niño winters (Figure 7, left) . The extension of the Asian STJ into the Atlantic is also missing during the 1994-1995 CP El Niño event, resulting in a positive pressure anomaly of the Azores High and a warm winter in Europe (not shown).
Discussion
[25] Our analysis suggests that there are distinct differences in the response of the global atmospheric circulation to the two different El Niño types. The results provide a possible explanation for the dual response patterns to El Niño that were diagnosed by Gouirand and Moron [2003] and Brönnimann et al. [2007] . While for EP El Niños there is a slight warming tendency over Europe, a field significance test for the Northern Hemisphere midlatitudes shows a high probability that these anomalies may occur by chance. A similar field significance test proves that midlatitude anomalies in near surface temperature and especially near surface pressure during CP El Niños are likely not due to chance. Europe becomes statistically significantly cooler in CP El Niño winters and a clear negative NAO phase is apparent from the pattern of statistically significant near surface pressure anomalies. During the CP El Niños 1914 Niños -1915 Niños , 1930 Niños -1931 Niños , and 1940 Niños -1941 Niños -1942 , which are not included in our analysis, winters were as well characterized by negative values of the December to March NAO index (see J. Hurrell's PC-based index, available at http://www.cgd. ucar.edu/cas/jhurrell/indices.data.html#naopcdjf). During the 1930-1931 and 1940-1941-1942 CP El Niños, winters were also cold over central and eastern Europe, but winter 1914-1915 did not show unusual temperature anomalies over these regions.
[26] Our results are to a large degree consistent with the analysis of temperature and precipitation anomalies over the U.S. by Larkin and Harrison [2005] , following the traditional El Niño definition by NOAA and a new one based on Niño3.4 SSTAs [National Oceanic and Atmospheric Administration (NOAA), 2003]. Nonetheless, some remarkable differences between their study and ours exist as well. The Nino3.4 index used by Larkin and Harrison [2005] only covers SSTAs between 170°W to 120°W and, thus, neglects information at and to the west of the date line. In their list, the El Niños starting in 1963, 1968, 1977, 1986, and 1994 are consistent with our CP event definition, but they define the El Niños starting in 1987 and 1991 as EP events, while these are mixed and CP El Niños, respectively, according to our definition. Supporting our definition, Kug et al. [2009] also define these two events as "mixed." Most importantly, Larkin and Harrison [2005] do not account for the effects of the three big volcanic eruptions that coincided with El Niños. Differences in the global surface air temperature anomaly patterns between the two El Niño types become more apparent when the volcanically disturbed winters are excluded from the analysis since the effect of volcanic aerosol loading is toward a strengthening of the stratospheric polar vortex, thus counteracting and in part overriding the effect of El Niño.
[27] The CP El Niño winter 1994-1995 proves to be an outlier in all investigated aspects. This event particularly increases the variability of the atmospheric response diagnosed for CP El Niños, but does not undermine the general validity of our arguments. The causes for the different response of the atmosphere to this particular El Niño event remain to be investigated.
[28] The different climate response to the two El Niño types can possibly be explained by the different location of anomalous convective heating along the equatorial Pacific relative to the STJ. Due to their more westward origin during CP El Niños, poleward propagating waves generated by enhanced precipitation at the equator may in part be trapped in the East Asian STJ and propagate zonally eastward along the subtropical waveguide. If the East Asian STJ is enhanced and extended eastward, as is the case for CP El Niños (Figures 4 and 5) , this mechanism is further facilitated, leading to a zonal subtropical circum-global wave number 5 wave train in the upper troposphere as already discussed by Branstator [2002] . This wave train is responsible for a weakening of the Azores High, thus leading to a strong and significantly negative NAO phase during CP El Niño winters (Figure 3) .
[29] Deep tropical convection preferentially occurs over SSTs exceeding a threshold of 26°C-28°C. The rather strong SSTAs during EP El Niños are located in the cool cold tongue area of the eastern Pacific. SSTAs during CP El Niños are generally weaker than those during EP El Niños, but they are added to the climatologically warmer waters usually characterizing the eastern edge of the Pacific warm pool. They lead to much stronger precipitation anomalies ( Figure 6 ) and, hence, to excitation of stronger Rossby waves. Resulting from the meridional propagation of these stronger waves, as a local response over the North Pacific, a strong upper tropospheric cyclonic anomaly develops (Figure 7 ), which at its southern edge maintains the subtropical zonal waveguide. During EP El Niño winters, convective heating anomalies and related Rossby wave generation are weaker and farther east. This, as a local effect of meridionally propagating wave disturbances, corresponds to weaker and eastward shifted cyclonic anomalies over the North Pacific compared to CP El Niño winters; the STJ is not extended and the subtropical waveguide is not active. The described hypothetical mechanism may be regarded as nonlinear since the perturbation response is affected by modifications of the propagation properties resulting from the perturbations themselves. We are currently planning model experiments to further investigate this hypothesis.
[30] This mechanism (we call it "subtropical bridge") provides an alternative paradigm for interpreting Northern Hemisphere teleconnections, which contradicts the idea that the dynamical coupling of the troposphere with the stratosphere (i.e., the "stratospheric bridge") is the dominant factor regulating the joint variability in the Pacific and Euro-Atlantic sectors. Our hypothesis is supported by the clearer assessment of the relative importance of the stratospheric polar vortex for the NAO-like tropospheric variability during El Niño events, which is allowed by the separation between EP and CP El Niños. Indeed we find that both El Niño types lead to a weaker than normal winter polar vortex in the lower stratosphere, a behavior that is stronger and statistically more significant for EP El Niños. Nonetheless, even under the comparatively weaker polar vortex conditions observed during EP El Niño winters, there is only a marginal tendency toward a negative NAO phase. This seems to arise especially from the development of a high pressure anomaly at Arctic latitudes indirectly affecting the Icelandic Low. Notably, Castanheira and Graf [2003] have shown that a significant correlation between the Aleutian Low and the Icelandic Low is only observed under strong stratospheric polar vortex conditions, but not when the polar vortex is weak. Since the "subtropical bridge" is not active in EP El Niño winters, a NAO response during EP El Niños is rather unlikely. This is confirmed by winter European surface air temperature anomalies which are slightly positive, but do not pass the attribution test during EP El Niño winters despite the concomitant weak stratospheric polar vortex.
[31] As suggested by Vecchi et al. [2006] , one possible result of global warming is a progressive weakening of trade winds, which may lead to increased relative occurrence of CP El Niños [Graf, 1986] due to reduced wind-driven surface divergence at the equatorial Pacific. Hence, even though climate projections tend to indicate increasing global surface temperatures for the upcoming decades, the probability of occurrence of relatively cold winters in Europe may increase due to the effect of more CP El Niños on the strength of the Azores High, and hence on the NAO, via the subtropical bridge. Observations in recent years are at least not in contradiction with this suggestion.
[32] Some studies [e.g., Merkel and Latif, 2002] rather convincingly supporting the idea of El Niño having influences on European weather are based on model simulations that are biased toward CP El Niños [Guilyardi, 2006] with SSTAs more concentrated toward the central Pacific rather than along the East Pacific cold tongue region. The associated lack of capability to simulate a change in the prevailing El Niño type could have a detrimental effect on the capability of these models to accurately simulate future regional climate variability.
[33] Our results encourage further investigations on the efficiency of the subtropical waveguide for teleconnections originating from tropical convection anomalies at the eastern edge of the equatorial Pacific warm pool region and impacting on the strength of the Azores High and, hence, on the NAO index. We may speculate that as both model and reanalysis data are characterized by a positive bias in the climatological tropical deep convection over the Pacific warm pool [Uppala et al., 2005; Wagner, 2009] , the subtropical waveguide may be active quasi-permanently, leading to similar negative effects on the mean strength of the Azores High during boreal winter. This means that, independent of El Niño, those models systematically showing too high precipitation over the Pacific warm pool may systematically underestimate the strength of the Azores High in winter.
[34] Finally, since the strength of the lower stratospheric polar vortex and the STJ are inversely correlated as seen by the "tropospheric interannual oscillation" of Chen et al. [2002] , it will be of great interest to revisit the mechanisms found behind the dynamical coupling between stratospheric and tropospheric circulation. It may well turn out that there is a "stratospheric bridge" link under very strong stratospheric polar vortex conditions due to reflection of planetary waves originating from the midlatitude troposphere impacting the strength of the Icelandic Low as suggested by Castanheira and Graf [2003] . Conversely, for weak polar vortex conditions and, hence, for a strong STJ, the Azores High may be affected by central Pacific convective heating anomalies via the subtropical bridge.
[35] The pattern of CP El Niño SSTAs matches the warm phase pattern of the Pacific Decadal Oscillation. It will be interesting to investigate to what degree the results of Brönnimann et al. [2007] and Zanchettin et al. [2008] , who suggested a variable influence of El Niños on Europe climate and weather depending on decadal phases of SSTAs in the extratropical North Pacific, and the multidecadal variations of links between tropical Pacific SSTAs and tropical North Atlantic SSTs [Walter and Graf, 2002] can be explained by low frequency variability of active and inactive subtropical bridge affecting the strength of the Azores High. If the mechanism could be proved also for such longer time scales, it could be important for decadal climate predictability.
